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Abstract 
The design of a harmonic-tuned dual-band GaN HEMT power amplifier (1.28 GHz and 2.14 GHz) is presented. To increase the 
output power and efficiency, the transistor’s load impedance at the fundamental frequency, second and third harmonics have been 
optimally selected. In order to design the output matching network, a new genetic-based software system for automatic synthesis 
of passive networks has been used. The measured performances of the dual-band amplifier are as follows: Pout = 37.28 dBm, G = 
11 dB, PAE = 42.1% at f1 = 1.28 GHz; Pout = 35.7 dBm, G = 9 dB, PAE = 23.7% at f2 = 2.14 GHz. 
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1. Introduction 
An increased interest in multiband and multimode wireless communication systems is caused by rapid 
communication standards development. Each standard has its own requirements: frequency band, type of signal 
modulation, output power, etc. To organize all these standards in one base station or system, engineers must develop 
a microwave channel for each standard, including: power amplifiers (PAs), low-noise amplifiers (LNAs), filters, and 
 
 
* Corresponding author. Tel.: +7-923-405-9359. 
E-mail address: andrey.kokolov@kcup.tusur.ru 
 2014 The uthors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/3.0/).
Peer-review under responsibility of the Scientific Committee of IICST 2014
3 Andrey Kokolov et al. /  Procedia Technology  18 ( 2014 )  2 – 5 
so on. The key component affecting the size and cost of these systems is the PA. The use of multiband or dual-band 
PAs can solve this problem by managing several bands in one device [1]. 
Among existing classes of PA, the F class is one of the most efficient in terms of output power and efficiency. 
Increased output power and efficiency in a microwave F-class PA can be obtained by tuning the input and output 
matching network (MN) impedance of the amplifier at frequencies of higher harmonic signal components (usually 
2nd and 3rd harmonics are used). 
In the case of PA development with harmonic-tuned MNs, designers come across the design problem of reactive 
matching circuits, which have specified impedance at fundamental and higher harmonics of the signal. Whereas the 
design of a one-stage F-Class PA is well-known and usually has no problems, the design of a dual-band PA is a 
rather complicated task. There are no standard dual-band PA design techniques; the existing methods are labor-
intensive and restricted only to the 2nd harmonic [2]. Thus the development of harmonic-tuned dual-band F-Class 
PAs takes a long time. 
In this paper the results of a dual-band GaN HEMT PA with harmonic frequencies at frequencies 1.28 GHz and 
2.14 GHz are presented. To design the output MN for the dual-band PA the software gMATCH [3], which is based 
on a genetic algorithm (GA), is used. 
2. Design of the dual-band PA 
In this design, for the active element a GaN HEMT device, Nitronex NPBT00004, has been used. The device has 
a breakdown voltage of 100V, a pinch-off voltage of -2.5 V and a saturation drain current of 1.3 A, approximately. 
An optimized Class-AB topology has been used for the design, with the quiescent point – Vds = 28 В, Ids = 0.13 А. 
The nonlinear model of the device is supplied by the manufacturer. 
PA design consists of several steps. First, the stabilized network was calculated in order to prevent unwanted 
oscillation. The second step was to perform load- and source-pull simulations, at 1.28 GHz and 2.14 GHz, at the 
active device reference plane in order to determine the fundamental load and source impedances that maximize the 
output power of the transistor. The third step was to investigate the influence of the harmonic impedances on the 
power added efficiency (PAE) performance. The obtained optimal output impedances that provide a compromise 
between power and efficiency are shown in Figure 1 and Table 1. 
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Fig. 1. Required and simulated impedances of the synthesized output MN. 
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     Table 1. Optimal load impedances at f0, 2f0 and 3f0  (1.28 GHz and 2.14 GHz) and performance of the PA. 
f0, GHz Zout f0, Ohm Zout 2f0, Ohm  Zout 3f0, Ohm PAE, % Pout, dBm 
1.28 35.5+10.8j -21j 8.8j 47.5 37.9 
2.14 27.6+10.2j -51j -34j 48.3 37.5 
 
Using data from Table 1, the gMATCH software based on GA [3] and the design technique proposed in [4] 
synthesized the input and output MNs. In Figure 1 the required and simulated impedances of the synthesized output 
MN are illustrated. The required and synthesized impedances are practically identical except for the second 
harmonic of the frequency f1 = 1.28 GHz. 
3. Fabrication and measurements 
The dual-band PA was implemented on the substrate Rogers 4350B (h = 1.524 mm, ε = 3.48). A photo of the 
amplifier is shown in Figure 2. The size of the implemented PA is 4×14 cm. To decrease the temperature of the 
active device the PA was mounted on a heat sink. 
 
 
Fig. 2. Photo of the implemented dual-band PA, size = 4×14 cm. 
The implemented dual-band PA has been characterized by small-signal and large-signal measurements to verify 
its performance. Measured small-signal S-parameters are shown in Figure 3; output power, PAE and gain vs. input 
power are shown in Figure 4. 
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Fig. 3. Measured small-signal S-parameters of the dual-band PA (Ids = 0.13 A, Vds = 28 V). 
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The small signal characteristic measured at Ids = 0.13 А, Vds = 28 В are as follows: G = 13.5 dB, |S11| = -20 dB, 
|S22| = -18 dB (at f1 = 1.28 GHz); G = 13.0 dB, |S11| = -15 dB, |S22| = -7 dB (at f2 = 2.14 GHz). As can be seen from 
Figure 3, the maximum input matching has shifted to the frequency 2 GHz, and the PA output does not have good 
matching (about -6…-7 dB). This can be caused by fabrication inaccuracy and the material’s parasitic parameters 
that were not included in the simulation.  
For these reasons the expected values of output power and PAE at frequency f2 were not obtained (see Figure 4 
and Table 1). Total power characteristics of the dual-band PA were: Pout = 37.28 dBm, G = 11 dB, PAE = 42.1% (at 
the frequency f1 = 1.28 GHz, at Pin = 26 dBm); Pout = 35.7 dBm, G = 9 dB, PAE = 23.7% (at the frequency f2 = 2.14 
GHz, at Pin = 27.2 dBm). Thus, the large-signal performance at f1 is close to the expected results (Table 1), while at 
f2 the results differ from those expected. 
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Fig. 4. Measured output power (Pout), efficiency (PAE) and power gain (G) vs. input power (Pin). 
4. Conclusion 
The design of a harmonic-tuned dual-band GaN HEMT power amplifier (1.28 GHz and 2 GHz) is presented. A 
new CAD procedure has been used that is implemented with the aid of a genetic-algorithm-based software system 
for automatic synthesis of passive networks that greatly facilitates and accelerates network design. The measured 
performance of the dual-band amplifier are as follows: Pout = 37.28 dBm, G = 11 dB, PAE = 42.1 % at f1 = 
1.28 GHz; Pout = 35.7 dBm, G = 9 dB, PAE = 23.7 % at f2 = 2.14 GHz. 
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